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(54) CONTROLLER AND METHOD FOR CONTROLLING FAN 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a fan controller that controls a fan used for cooling 
electronic equipment to inexpensively prolong the service life of the fan and to improve the 
quietness of the fan through control. 

SOLUTION: The fan is started on a sufficiently high driving voltage VI during the time ta 
from the time tl at which the temperature Thr becomes Thrl (step II). After the time ta 
elapses from the time tl, the fan 1 is driven on a driving voltage V2 which changes following 
the temperature Thr (step III). By surely driving the fan on the high driving voltage VI at the 
start at which the fan requires a high torque and, thereafter, impressing the driving voltage 
V2 following the temperature Thr upon the fan in this way, the service life of the fan is 
prolonged and the quietness of the fan is improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A temperature detection means to be a control unit for controlling the fan for 
cooling electronic equipment, and to detect the temperature of said electronic equipment, The 
driving means which makes said fan impress and drive an electrical potential difference, and 
the electrical potential difference impressed to said fan when said detected temperature 
reaches the set point The 1st electrical potential difference required for start up, The fan 
control unit equipped with an actuation accommodation means to control the time amount 
which impresses said 1st electrical potential difference while controlling on the 2nd electrical 
potential difference which changes from an electrical potential difference lower than said 1st 
electrical potential difference according to change of said temperature. 

[Claim 2] Said actuation accommodation means is a fan control unit [ equipped with a 
measurement means to measure the time amount which impresses said 1st electrical 
potential difference, a programmed-voltage generating means to have the 1st and 2nd 



terminals which set the applied voltage to said fan as said 1st and 2nd electrical potential 
differences, and a change means to connect either of said 1st or 2nd terminal to said driving 
means based on the measurement result by said measurement means ] according to claim 1. 
[Claim 3] Said measurement means is a fan control unit [ equipped with a resistor and the 
capacitor connected to said resistor at the serial ] according to claim 2. 

[Claim 4] Said change means is a fan control unit according to claim 3 which is the photo 
coupler by which the input side is connected to said resistor and said capacitor at the serial, 
and the output side is connected to said 1st and 2nd terminals. 

[Claim 5] Said programmed-voltage generating means is a fan control unit according to claim 
2 which has further the zener diode by which said 1st programmed voltage is based on the 
output from said temperature detection means, the cathode is connected to said 1st terminal, 
and the anode is connected to the 2nd terminal. 

[Claim 6] Said driving means is a fan control unit according to claim 2 which has the 
operational amplifier which amplifies the electrical potential difference inputted from said 
programmed-voltage generating means. 

[Claim 7] The 1st step which is the approach of controlling the fan for cooling electronic 
equipment, and detects the temperature of said electronic equipment, When said detected, 
temperature reaches the set point, the 2nd step which supplies the 1st electrical potential 
difference required for said fan's start up to said fan during a predetermined period, and after 
said predetermined period The fan control approach including the 3rd step which supplies 
the 2nd electrical potential difference which changes from an electrical potential difference 
lower than said 1st electrical potential difference according to change of said temperature to 
said fan. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fan control unit and the fan control 
approach of controlling a fan control unit and the fan control approach, and the fan for cooling 
electronic equipment especially. 
[0002] 

[Description of the Prior Art] Electronic devices, such as a resistor, a coil, a capacitor, and a 
transistor, are carried in electronic equipment. In carrying out the long duration activity of 
the electronic equipment with high power, there is a possibility that these electronic devices 
may be destroyed by the heat generated by power loss. In order to prevent destruction by 



generation of heat, it is necessary to use electronic equipment with the high maximum rating 
temperature which permits big power loss. However, since [ large-scale and ] such an 
electronic device has large weight, it serves as hindrance of the miniaturization of the 
electronic equipment by which a majority of these components are carried, and 
lightweight-izing. 

[0003] In order to attain a miniaturization and lightweight-izing of electronic equipment, it is 
necessary to cany out forced cooling of the electronic device by a certain approach, and to use 
an electronic device with low maximum rating temperature. For this reason, for example, an 
electronic device is fixed to a heat sink (heat sink), heat is made to emit to a heat sink from 
an electronic device, or driving a fan, generating airstream and cooling these electronic 
devices is performed. When carrying out forced cooling of the electronic device by the fan, a 
fan*s noise and life pose a problem. 

[0004] Conventionally, the temperature of an electronic device or a heat sink is detected, 
based on the detected temperature, stop a fan's rotational frequency low, a fan's noise is 
reduced by carrying out on-off operation, or a fan's reinforcement is in drawing. 
[0005] The block diagram of the actuation control of a fan 1 currently performed 
conventionally is shown in drawing 8 . Drawing 9 shows the relation of the temperature of a 
heat sink and a fan's 1 driver voltage in this control. When the temperature detection means 
2 detects the temperature of a heat sink and the detected temperature (detection 
temperature) is set to Tl, a comparison circuit 4 short-circuits a switch 5, and outputs driver 
voltage Vs to a fan 1 from the actuation circuit 3. Moreover, if the driver voltage proportional 
to detection temperature is outputted to a fan 1 from the actuation circuit 3 and detection 
temperature is set to T2, the greatest driver voltage VR will be outputted to a fan 1 from the 
actuation circuit 3, until detection temperature is set to T2. That is, less than [ Tl ], detection 
temperature stops a fan, detection temperature drives a fan from Thrl by the driver voltage 
which is proportional to detection temperature between Thr(s)2, and after a detection value is 
set to Thr2, a fan 1 is driven by maximum engine speed. Thus, reinforcement and calm 
nature are secured by stopping a fan or stopping a fan's rotational frequency low. Such 
control especially has calorific value effective in cooling by the fan 1 in the power 
amplification for sound which changes in time, a copy machine, FAX, etc. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to control a fan as mentioned above, it is 
desirable to set the electrical potential difference Vs which it is necessary to change a fan's 
driver voltage in the large range, and starts actuation as one half extent of a fan's rated 
voltage. However, the big torque for starting a fan from a idle state is required, and it is 
difficult to guarantee start up only in about **20% of electrical-potential-difference range of 
rated voltage, but to use for the above-mentioned control in a general-purpose fan. Then, in 
order to guarantee positive actuation, the special fan who can start also with one half extent 



of rated voltage must be used, and the above-mentioned control must be performed. Such a 
special fan is expensive and has become the hindrance of a cost cut of the whole electronic 
equipment. 

[0007] The object of this invention is in the fan control unit for cooling electronic equipment to 

perform control which plans reinforcement and calm nature by low cost. 

[0008] 

[Means for Solving the Problem] The fan control unit concerning invention 1 is a control unit 
for controlling the fan for cooling electronic equipment, and is equipped with the temperature 
detection means, the driving means, and the actuation control means. 

[0009] A temperature detection means is a means to detect the temperature of electronic 
equipment, such as a resistor, a coil, a capacitor, a transistor, and power amplification. The 
temperature detection means consists of amplifying circuits which amplify the electrical 
potential difference which the temperature sensing element which detects the temperature of 
electronic equipment as an electrical potential difference, and a temperature sensing element 
output. The temperature of electronic equipment may detect the temperature of the 
electronic device carried in electronic equipment, may measure the temperature of the heat 
sink which is fixing the electronic device, and may detect the temperature of an electronic 
electron indirectly. The transistor from which the electrical potential difference between 
base-emitters changes with change of temperature can be used for a temperature sensing 
element. The operation amplifying circuit which acts as fixed Bai of the electrical potential 
difference between the base-emitters of a transistor can be used for an amplifying circuit. 
[0010] A driving means is a means to make a fan impress and drive an electrical potential 
difference. For example, they are DC power supplies, such as a DC-DC converter which 
supplies direct current voltage to DC fan. An actuation accommodation means controls the 
electrical potential difference impressed to a fan on the 1st electrical potential difference 
required for start up, and the 2nd electrical potential difference which changes from an 
electrical potential difference lower than the 1st electrical potential difference according to 
change of detection temperature, when the detected temperature reaches the set point. 
Moreover, an actuation accommodation means controls the time amount which impresses the 
1st electrical potential difference. When detection temperature reaches laying temperature, a 
driving means is controlled between predetermined time to impress the 1st electrical 
potential difference to a fan, and, specifically, after progress of predetermined time controls a 
driving means to impress the 2nd electrical potential difference to a fan. The 1st electrical 
potential difference is sufficient electrical potential difference for a fan's start up, and can be 
made into the electrical potential difference near the maximum of the starting voltage range. 
On the other hand, the 2nd electrical potential difference can be made into the electrical 
potential difference which changes from the one half of a fan's rated voltage in the large 
range to the 1st electrical potential difference according to change of detection temperature. 



An analog circuit can also constitute an actuation accommodation means so that it may 
mention later, and the digital circuit using a microcomputer can also constitute it. 
[0011] According to the fan control unit concerning invention 1, the control which attains a 
fan's calm nature and reinforcement is realizable using a general-purpose fan by supplying a 
high electrical potential difference at the time of the start up which needs high torque, 
putting a fan into operation certainly, and driving a fan after that on the electrical potential 
difference which changes from the electrical potential difference of one half extent of rated 
voltage according to change of detection temperature. 

[0012] The actuation accommodation means is equipped with the measurement means, the 
programmed-voltage generating means, and the change means in the fan control unit which 
the fan control unit concerning invention 2 requires for invention 1. A measurement means is 
a means to measure the time amount which impresses the 1st electrical potential difference. 
The programmed-voltage generating means has the 1st and 2nd terminals which set the 
applied voltage to a fan as the 1st and 2nd electrical potential differences. A change means is 
a means to connect either of the 1st or 2nd terminal to a driving means based on the 
measurement result by the measurement means. 

[0013] The measurement means is equipped with the resistor and the capacitor connected to 
the resistor at the serial in the fan control unit which the fan control unit concerning 
invention 3 requires for invention 2. In this case, a change means can be operated by using 
the tim e amount which charges a capacitor as predetermined time. Moreover, the time 
amount which makes a capacitor discharge may be used. 

[0014] In the fan control unit which the fan control unit concerning invention 4 requires for 
invention 3, a change means is a photo coupler by which the input side is connected to the 
resistor and the capacitor at the serial, and the output side is connected to the 1st and 2nd 
terminals. In this case, a current flows to the input side of a photo coupler, the output side of 
a photo coupler will be turned on, a current will not flow to the input side of a photo coupler 
after charge of a capacitor, and the output side of a photo coupler is turned off until a 
capacitor is charged. The output of a programmed-voltage generating means can be changed 
by ON/OFF of a photo coupler. 

[0015] In the fan control unit which the fan control unit concerning invention 5 requires for 
invention 2, the 1st programmed voltage is based on the output from the temperature 
detection means. Moreover, the cathode is connected to the 1st terminal and the 
programmed-voltage generating means has further the zener diode by which the anode is 
connected to the 2nd terminal. If the 1st electrical potential difference is inputted into the 1st 
terminal of a programmed-voltage generating means, the 2nd electrical potential difference 
only with the hard flow voltage drop of zener diode lower than the 1st electrical potential 
difference will occur for the 2nd terminal. 

[0016] In this case, the electrical potential difference which amplified the output from a 



temperature detection means is used as the 1st electrical potential difference, and the 
electrical potential difference by which the voltage drop was carried out with zener diode is 
used as the 2nd electrical potential difference. According to the fan control unit concerning 
invention 5, easy circuitry can constitute a programmed-voltage generating means. 
[0017] The fan control unit concerning invention 6 has the operational amplifier which 
amplifies the electrical potential difference inputted from a programmed-voltage generating 
means in the fan driving gear concerning invention 2. The output of an operational amplifier 
is connected to the fan and the output voltage of an operational amplifier is supplied to a fan. 
In this case, an operational amplifier can adjust the electrical potential difference impressed 
to a fen. 

[0018] The fan control approach concerning invention 7 is the approach of controlling the fan 
for cooling electronic equipment, and includes the 1st to 3rd step. The temperature of 
electronic equipment is detected in the 1st step. In the 2nd step, when the detected 
temperature reaches the set point, the 1st electrical potential difference required for a fen's 
8 tart up is supplied to a fan during a predetermined period. In the 3rd step, after a 
predetermined period supplies the 2nd electrical potential difference which changes from an 
electrical potential difference lower than the 1st electrical potential difference according to 
change of the detected temperature to a fan. 
[0019] 

[Embodiment of the Invention] [Control principle] Drawing 1 is the block diagram showing 
the functional configuration of the control device 10 of the fan 1 for cooling the electronic 
equipment concerning a its real intention operation gestalt. This control unit 10 is equipped 
with the temperature detection means 2, the programmed-voltage generating means 6, a 
driving means 7, measurement, and the change means 8. The temperature detection means 2 
detects directly or indirectly the temperature of electronic devices, such as a resistor, a coil, a 
capacitor, a transistor, and power amplification, and outputs the electrical potential 
difference corresponding to temperature. With this operation gestalt, the temperature 
detection means 2 detects the temperature Thr of the heat sink to which the electronic device 
is being fixed. The programmed-voltage generating means 6 sets up the driver voltage Vd 
outputted from a driving means 7. A driving means 7 supplies driver voltage Vd to a fan 1. 
Specifically, 1st sufficient electrical potential difference VI for actuation of a fan 1 and the 
2nd electrical potential difference V2 which changes from the minimum electrical potential 
difference Vs between the 1st electrical potential difference VI according to the detected 
temperature Thr are supplied to a fen 1 (refer to drawing 2 and drawing 3 )• As for 
measurement and the change means 8, if the detection temperature Thr reaches the set point 
Thrl, after time amount ta progress will control the programmed-voltage generating means 6 
to output the 2nd programmed voltage V2 from a driving means 7 to output the 1st electrical 
potential difference VI from a driving means 7 between time amount ta. 



[0020] Drawing 2 is drawing showing the relation between the temperature Thr of a heat 
sink, and driver voltage Vd. Drawing 3 is drawing showing time amount change of the driver 
voltage Vd impressed to a fan 1. In drawing 2 , temperature Thrl is the laying temperature 
which should make a revolution of a fan 1 start, and temperature Thr2 is the laying 
temperature which should make a fan's 1 rotational frequency max. An electrical potential 
difference Vs is the minimum driver voltage Vd impressed to a fan 1, and is an electrical 
potential difference of one half extent a fan's 1 rated voltage. An electrical potential 
difference VI is the greatest driver voltage Vd impressed to a fan 1, and is an electrical 
potential difference near the maximum of the starting voltage range of a fan 1. In drawing 3 , 
time of day tl is the time of day t when the temperature Thr of a heat sink reaches the set 
point Thrl, and ta is time amount which keeps driver voltage Vd at VI. 

[0021] As shown in drawing 2 and drawing 3 , based on the temperature Thr of a heat sink, 
control of this operation gestalt is divided into the phase of I-IV, and is explained. Namely, a 
fan 1 is stopped in the phase I where the temperature Thr of a heat sink is lower than Thrl, 
using driver voltage Vd from a driving means 7 as 0. Actuation of a fan 1 is made to start by 
making driver voltage Vd into maximum VI in the phase II in which the temperature Thr of 
a heat sink reached Thrl between time amount ta. After the temperature Thr of a heat sink 
reaches Thrl, in the phase III after predetermined period ta progress, driver voltage Vd is 
impressed to a fan 1 according to the temperature Thr of a heat sink. That is, in the phase III 
where the temperature Thr of a heat sink is less than two one or more Thr(8)Thr, the driver 
voltage V2 proportional to the temperature Thr of a heat sink is impressed to a fan 1 in the 
range of the minimum electrical potential difference Vs to the maximum electrical potential 
difference VI. In the phase IV where the temperature of a heat sink is two or more Thrfe), a 
fan 1 is driven as driver voltage Vd=Vl. Impressing the greatest driver voltage VI at the time 
of a fan's 1 start up is continued for giving sufficient torque and putting a fan 1 into operation 
certainly between time amount ta. Moreover, after time amount ta progress, driver voltage 
Vd is lowered to Vs for stopping a fan's 1 rotational frequency, reducing the noise, and 
increasing a life from VI. 

[0022] In addition, although the driver voltage Vd impressed to a fan 1 at the time of start up 
was set as maximum VI, if the driver voltage Vd impressed to a fan 1 at the time of start up 
is sufficient electrical potential difference to drive a fan 1, it will not be restricted to 
maximum VI. 

[0023] [Example of circuitry] The example of circuitry of the fan control unit 10 concerning 
this operation gestalt is shown in drawing 4 . The temperature detection means 2 is equipped 
with the transistor Tr4 and the operational amplifier Op 3. A transistor Tr4 is a temperature 
sensing element for measuring the temperature Thr of the heat sink in which an electronic 
device is attached, and if the temperature Thr of a heat sink changes, it will change the 
electrical potential difference between base emitters at a fixed rate. It has connected too 



hastily between the collector of a transistor Tr4, and the base, and the collector is connected 
to the DC-power-supply line VDC through the resistor R17. The collector of a transistor Tr4 
is connected to the opposite phase input terminal of an operational amplifier Op3 through the 
resistor R13, and the opposite phase input terminal of an operational amplifier Op3 is 
connected to the cathode of an output terminal and zener diode Dl through the resistor R12. 
The emitter of a transistor Tr4 is grounded by the ground line through the resistor R16 while 
connecting with the DC-power-supply line VDC through resistors R14 and R15. A resistor 
R15 is a variable resistor and the medium terminal is connected to the non-inverter input 
terminal of an operational amplifier Op3. That is, the potential difference between the 
collector of a transistor Tr4 and an emitter is inputted into an operational amplifier Op3 
through a resistor R13, is doubled R12/R13, and outputs an electrical potential difference Vk 
to the cathode of zener diode Dl. At this time, the electrical potential difference Va on which 
only the hard flow saturation voltage Vz of zener diode Dl descended from Vk appears in the 
anode of zener diode Dl. 

[0024] The driving means 7 is equipped with the operational amplifier Opl and the transistor 
Tr2, and supplies an electrical potential difference to a fan 1 from a transistor Tr2 according 
to the output of an operational amplifier Opl. The emitter of a transistor Tr2 is connected to 
a fan's 1 high potential side, and the collector of a transistor Tr2 is connected to the 
DC-power-supply line VDC. Moreover, the output terminal of an operational amplifier Opl is 
connected to the base of a transistor Tr2 through the resistor R3. It connects with the emitter 
of a transistor Tr2 through the resistor R4, and the partial pressure of the electrical potential 
difference Vd by the side of a fan's 1 high potential is carried out by resistors R4 and R5, and 
the opposite phase input terminal of an operational amplifier Opl is fed back to an opposite 
phase input terminal. In addition, when a fan 1 can be driven with the direct operational 
amplifier Opl, it is not necessary to necessarily form a transistor Tr2. 

[0025] The driver voltage setting-out means 6 is constituted by zener diode Dl. The anode of 
zener diode Dl is connected to the non-inverter input terminal of an operational amplifier 
Opl through the resistor R9. The cathode of zener diode Dl is connected to the non-inverter 
input terminal of an operational amplifier Opl through the resistor R9 through the transistor 
Trl and resistor R9 of a photo coupler PH. 

[0026] Measurement and the change means 8 are equipped with the photo coupler PH, the 
resistor Rl, and the capacitor CI. The resistor Rl, the photo coupler PH, and the capacitor CI 
are connected to the transistor Tr2 at the serial. By charging a capacitor CI with the time 
constant ta decided by resistance Rl and capacity Cl, a sink is intercepted for a current 
between time constants ta, and a resistor Rl and a capacitor Cl intercept the current to diode 
D2 after that to the diode D2 of a photo coupler PH. When a current flows to diode D2, diode 
D2 emits light, the base of a transistor Trl receives the light, and it is made to flow through 
between the collector of a transistor Trl, and an emitter. It connects with zener diode Dl at 



juxtaposition, and the transistor Trl of a photo coupler PH intercepts between the anode 
cathodes of zener diode Dl, when between the anode of zener diode Dl and a cathode will be 
short-circuited and a current will not flow to diode D2, if a current flows to diode D2. 
[0027] Moreover, the collector of a transistor Tr3 is connected to a fan's 1 low voltage side, 
and the emitter of a transistor Tr3 is grounded by the ground line. Moreover, the output 
terminal of an operational amplifier Op2 is connected to the base of a transistor Tr3 through 
the resistor R6. The cathode of zener diode D4 is connected to the opposite phase input 
terminal of an operational amplifier Op2, and the cathode of zener diode D4 is further 
connected to the DC-power-supply line VDC through the resistor RIO. The anode of zener 
diode D4 is grounded by the ground line. A resistor RIO is a resistor for restricting the 
reverse current which flows to zener diode D4, and the opposite phase input terminal of an 
operational amplifier Op2 is fixed to the cathode electrical potential difference of zener diode 
D4. Moreover, while connecting with the anode of zener diode Dl through a resistor R8 at the 
non-inverter input terminal of an operational amplifier Op2, it connects with the cathode of 
zener diode Dl through the transistor Trl of a resistor R8 and a photo coupler PH. That is, 
the anode electrical potential difference Va or the cathode electrical potential difference Vk is 
inputted into the non-inverter input terminal of an operational amplifier Op2 through a 
resistor R8. Moreover, diode D3 and a resistor R2 are connected to the high potential side of a 
capacitor CI. 

[0028] [Circuit actuation] Actuation of the circuit of drawing 4 is explained hereafter. A 
transistor Tr4 detects the temperature Thr of a heat sink, and the electrical potential 
difference Vk corresponding to the temperature Thr is outputted to the cathode of zener diode 
Dl. The electrical potential difference Va (=Vk-Vz) to which only the hard flow saturation 
voltage Vz descended from the electrical potential difference Vk to the anode of zener diode 
Dl at this time appears, and while an electrical potential difference Va is inputted into the 
non-inverter input terminal of an operational amplifier Op 2 through a resistor R8, it is 
inputted into the non-inverter input terminal of an operational amplifier Opl through a 
resistor R9. 

[0029] [Phase I] When the temperature Thr of a heat sink is less than one Thr, the output 
voltage of an operational amplifier Op2 is zero or a low, and a transistor Tr3 is in a cut off 
state. An operational amplifier Opl impresses a forward electrical potential difference to the 
base of a transistor Tr2 according to the magnitude of the electrical potential difference of the 
non-inverter input terminal into which an electrical potential difference Va is inputted 
through a resistor R9. However, at this time, a transistor Tr3 is in a cut off state, a current 
does not flow to a fan 1 through a transistor Tr2, and driver voltage is not impressed to a fan 
1. 

[0030] [Phase II] If the temperature of a heat sink reaches Thrl, the output voltage of an 
operational amplifier Op2 will become 1 or yes, and a transistor Tr3 will flow through it. 



While the electrical potential difference corresponding to the electrical potential difference 
Va from an operational amplifier Opl at this time is outputted and a current flows through a 
transistor Tr2, diode D2, a capacitor CI, and a transistor Tr3 from the DOpower-supply line 
VDC, a current flows through a transistor Tr2, a fan 1, and a transistor Tr3 from the 
DC-power-supply line VDC. If a current flows to diode D2, a transistor Trl will flow and an 
electrical potential difference Vk will be inputted into the non-inverter input terminal of an 
operational amplifier Opl through a transistor Trl and a resistor R9. Since the electrical 
potential difference Vk before descending with the hard flow saturation voltage Vz is 
impressed to the non-inverter input terminal of an operational amplifier Opl, the output of 
an operational amplifier Opl and the emitter potential of Tr2 increase rapidly. Consequently, 
as shown in drawing 2 and drawing 3 , the greatest driver voltage VI is impressed to a fan 1. 
[0031] In addition, although the driver voltage Vd impressed to the fan 1 in Phase II was set 
as maximum VI with this operation gestalt, if the driver voltage Vd impressed to the fan 1 in 
time amount ta is sufficient electrical potential difference to drive a fan 1, it will not be 
restricted to maximum VI. 

[0032] [Phase III] If a capacitor Cl is charged with a time constant ta after that, a current 
will not flow to diode D2 and a transistor Trl will be intercepted. If a transistor Trl is 
intercepted, again, an electrical potential difference Va (Vk-Vz) will come to be inputted into 
the non-inverter input terminal of an operational amplifier Opl through a resistor R9, the 
base current of a transistor Tr2 will decrease, and the current between the collector emitters 
of a transistor Tr2 will be restricted. Consequently, as after time constant ta progress is 
shown in drawing 2 and drawing 3 , the driver voltage Vd impressed to a fan 1 descends to Vs. 
And the temperature Thr of a heat sink impresses the driver voltage V2 to which it is 
proportional to the temperature Thr of a heat sink between less than two one or more 
Thr<8)Thr(s) to a fan 1, and rotates it. 

[0033] [Phase IV] Further, when the temperature Thr of a heat sink reaches Thr2, it is not 
based on temperature Thr, but the greatest driver voltage VI is impressed to a fan 1, and it 
drives at the maximum rotational frequency. 

[0034] As mentioned above, a fan's 1 noise is prevented by starting a fan certainly and 
rotating a fan 1 after that by the driver voltage V2 according to the temperature Thr of a heat 
sink by impressing the high driver voltage VI at the time of a fan's 1 start up. 
[0035] [Example of an experiment] The example of an experiment circuit by the 
above-mentioned example of circuitry is shown in drawing 5 . In this example of an 
experiment, DC fan of rated voltage 24 (V) is used. The starting voltage range of this fan 1 is 
**20% of the rated voltage 24 (V), and is abbreviation 19(V) -29(V). Although the anode 
electrical potential difference Va of zener diode Dl was inputted into the opposite phase input 
terminal of an operational amplifier Op2 through the resistor R8, by drawing 5 , the output 
voltage of an operational amplifier Opl is inputted into the opposite phase input terminal of 



an operational amplifier Op2 through a resistor (6.8kohm) here at drawing 4 . It is detectable 
by setting up appropriately the opposite phase input voltage of an operational amplifier Op2 
also in this case that the temperature Thr of a heat sink reached Thrl. 

[0036] The situation of actuation of the fan 1 by the experiment circuit of drawing 5 is shown 
in drawing 6 and drawing 7 . In this experiment circuit, as shown in drawing 6 , the 
temperature Thrl of the heat sink which starts actuation of a fan 1 is set as 50 degrees C. If 
the temperature Thr of a heat sink reaches 50 degrees C, as shown in drawing 6 and drawing 
7 , driver voltage Vd=26.2(V) will be impressed to a fan 1 only for during ta=454ms (phase II), 
and driver voltage Vd will be descended to 12.5 (V) after that (phase III). If the temperature 
Thr of a heat sink rises exceeding 50 degrees C, as shown in drawing 6 , the driver voltage V2 
proportional to the temperature Thr of a heat sink will be impressed to a fan 1. In the 
example of drawing 6 , the temperature Thr of a heat sink rises to 83.5 degrees C, and after 
that, if the temperature Thr of a heat sink descends, falls rather than 50 degrees C and 
reaches 46 degrees C, it will be stopped by the fan 1. Thus, it is made lower than the 
temperature (50 degrees C) which puts into operation the temperature (46 degrees C) which 
stops a fan 1 for taking long time amount until it fully lowers the temperature Thr of a heat 
sink and a fan 1 starts again. It can prevent by this that a fan 1 repeats a start-up halt with a 
short time interval, and the noise can be reduced. What is necessary is just to give a 
hysteresis to comparator actuation of an operational amplifier Op2, in order for a fan 1 to 
give a difference to the temperature put into operation and stopped. 

[0037] According to the control unit 10 of the fan 1 concerning this operation gestalt, during 
the predetermined period ta at the time of a fan's start up supplies the high electrical 
potential difference VI, and puts a fan 1 into operation certainly. Since the electrical 
potential difference V2 which changes from rated voltage 24 (driver voltage Vd=12(V of one 
half extent of V)) is impressed and a fan 1 is rotated after that, the narrow general-purpose 
fan 1 of the starting voltage range can be used, a fan's 1 noise can be prevented, and control 
which attains reinforcement can be realized. Namely, control which attains a fan's 1 calm 
nature and reinforcement can be performed now by low cost. 

[0038] Moreover, time amount ta is measured by the resistor Rl and the capacitor 1, and 
during the period ta makes it flow through a photo coupler PH, makes the high electrical 
potential difference Vk input into the operation amplifying circuit Opl, intercepts a photo 
coupler PH after that, and makes the low electrical potential difference Va input into the 
operation amplifying circuit Opl in the control device 10 of the fan 1 concerning this 
operation gestalt. Namely, the general-purpose fan 1 can be used now for the control which 
attains calm nature and reinforcement by easy circuitry. 
[0039] 

[Effect of the Invention] According to this invention, control which attains a fan's calm nature 
and reinforcement can be performed by low cost. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The block diagram showing control of the cooling fan concerning 1 operation 
gestalt of this invention. 

TDrawing 2l Drawing showing the relation of the temperature of a heat sink and fan driver 
voltage in this operation gestalt. 

[Drawing 31 Drawing showing a time change of the fan driver voltage in this operation gestalt. 
[Drawing 4] The circuit diagram of the fan control unit concerning 1 operation gestalt of this 
invention. 

[Drawing 51 The example of an experiment circuit of the fan control unit concerning 1 
operation gestalt of this invention. 

[Drawing 6] The measurement result of the relation of the temperature of a heat sink and fan 
driver voltage by the above-mentioned example of an experiment circuit. 

[Drawing 7l Drawing showing a time change of the fan driver voltage by the above-mentioned 
example of an experiment circuit. 

[Drawing 8l The block diagram showing an example of control of a cooling fan. 

[Drawing 9l Drawing showing the relation of the temperature of a heat sink and fan driver 

voltage in the above-mentioned control. 

[Description of Notations] 

IFan 

2 Temperature Detection Means 

6 Programmed- Voltage Generating Means 

7 Driving Means 

8 Measurement and Change Means 
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mmmtiii£tircmttf®&micm&Ltcmenc. mmy 
ittzmzmmtKum-tztxic. tmmim&zsi 

may r >^<omfmmm^mmm i Rum z mmzms. 

1 Rtfjg 2 ^**rrsK^«EEfg£#8fc. 

[H#JS3] «5IBH-»J#©tt, 

fists 

2 CSt©7 r >$iJ8HSfio 
^lSCf^2ffi ; ?{£:»^nTV>57* YiJ-f^-eib 

^nT^D; T7-K*^24g?fcgE^tiTV^y 

x^-- f-r*- f^s e>fc*rrs, st** z \zmm.<oy 

cts*«7] m?ms*ft%>-rzrctb<oyT>*mwr 

m<ots. tamy r xomwucs^nm i ms&mmy r 
>ic&M:?zmzfflmt. 

rnmmmmvms.. msm i see* o t&^n&fri? 
MSiaao^tcsto rmttzm z m&^tmy r > 

[000 1] 
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[0002] 

[fiaso&tfi] m^&mcii. lasts* a**, a^-r 

[0 0 0 3] ®?&S©/hIHb&tfgS<fc*BIi>fc«>fc: 

«ss<Dfiv^m^^*ffiffl-r5«ess^fc5. core 

[0004] «ess, m?is?x»ift^fi©®fi«ttm 

[0005] H8K«, wm-oT^zyrvKDmrn 

m&pm& t77vi oiitE^ <DM&>%iK trv 
So sft«m#©2»cj:ofiw^«oiaiE*«iaiL, «im 

4#X^-v^5*:5®l8S-e\ SBf!l[I]i&3frP>ffiI!)SffiV 

s%7rvi fctBTj-rso «ai}afi*<T2»cfts 

30 ^afflfitJt0!|-r5IEl!i«H*ffil6|5lK3*>e. 
7rvifc:m73U ^mSS^T2»c*5i:^<offii!i 
«ffVR«:ffii!J[BIK3A^&7TVlKm7^■rao "3* 

«imS^^T h r 1 Jb>P>T h r 2 <Dlim±fclbiaffifc:Jfc 
WrsSSWET^r^SiSU ^WfiiA^Th r 2(c 

4t>mtt7rvi *^isi«sa^saai-r5o ceo* 

40 8ffl;<7-7y7, ntf-tS, FAX^fcfeitS^rv 
i K^s^sitiiWS&'ea&So 

[0006] 

[^WA^»SiUJ:-5k-rs»S] ±m<D£olcyy>& 
tf&g-e&o. mmcoyry^it, ^*8mffi«o±2 0% 



J 

[0 0 0 73 *HOgWi^ «?«s^ai-rsfc46 

MM*&3X. h Tff 3 C t JC&S,, 
[00083 

[^®*»?9l^SfcJ60#lft] l l:«S77 >OT8P 

[00093 mffikm^mn. mm. =i-i*a\ =t>? 

-X-X5 -y *|ig©mEE*-S«TSilSf?lf <gla]&*ffl 

[oo 1 03 mmz-mit. yr>^m&^snai,xm» 
&-r&Dc-Dcay;<i—9m<DDcwM-e3s>Zo mm 

»c, yy>\cmimt^ms.^ teKitc&gfcSg l see 

«s as i mj£ttma?zft?£it&i®?z 0 

m i ie«77 vtaijira-r s £ 5 {u&ia^asrf&jsiu 

#fcBEE-e&0. ^amEEI6HcDS^fii#)l£<omEEk:-r 
Sfo T> 77 >©^«flEE©i|i^ C.SIS 1 «EEi: 

v^HT-^k-rsmEEt-r^c^^-e^So mmmm^ 

mist j^-r&sjs-rsc tA^#s 0 
[0 0 1 1 3 l fc«S7r >mm^mic^tns. Sf 

V> h;l/^*<esSfc-rs^l!)^fcS5V>«£E*««&UTBI^ 

EE*^«miafi<oa:fb»caf^T^k-r s«eet?7 r 
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5. 

[ o o i 2 3 2 (c«« y r s/jHfMWtt* MB 1 
tf^2«EEti:i8S-rsS 1 RtfSi 2 Jff?**T LT VSo 

fna^afcjjsffi-aasisfc*^^, is 1 
xfctsg 2 «g?<o<,>i*n*>*s^#afc&t^s#a-??<fc 

/OS. 

[0 0 1 33 3M3K««7rVMHMKi. SIW2t 

[0 0 1 43 4 CttS y T >mW&W!&* 

miRtfS2tS?te»«*nr<^37* h*^9T?* 
7 , ^©A:ft<l!lfc«ifttfiiimT7* h#7*7«Dtii:*jffi!l«:* 

mfcrncti* < * o 7 * h ij eomt>wit*y *n 
s. 7* hA^o^^/^^tcfcoria^aEES^^ 

[0 0 1 53 mi5tc%&yT>ffl®mWl3.. ¥m2K. 
I577y«»it6^t, » 1 !85£SEE«iB&«tti 

m 2 «7K:««SnTtf>« y x ^-f ^ *— F« « 6 fc 
*T LTV>So I9^SEE^#®0^ 1 «8?fcS 1 «££«r 

xjjT&t. vi7- if-r*— KoaewwEPrwew 

S 1 SEE* t)fiW^2mEEA^24g?fc5l^-r«o 
[0 0 1 63 SS«IW^a*>6<0W73*Ji<i 
LfcSEE^MlSEEfcUTffifflL, 7xt-^*-H 
t«k OmEEKTStlfcSffi*^ 2 «EEfc L-Tffifflt So 
SIW 5 K&S 7 r >MS9SHfc: &tU£ v fBS#*IUIS«i« 
40 teJ;D. K^mJBE583=#S««JS-r 5Ci*^f So 
[00 1 73 ^6fc^S7r>S(l«i^B«> 5l^2fe: 
•0gS7r>®S)&BfcfeV^T, lftS«EES!^#a^e>A 

it<fS<Ota?3«7r>fcS^nTfeD, iSSUHiSO 

m73aEE^7r>t««&«nso c<om^ mwmmm 

lc*D, 7r>tc0])!ni-rsaEE^ilE-rsci:*^# 

s. 

[oo i 83 ^mncm^yT>mm^mi,t. m^mss 
%j^ai-rsfci&©7r>*siiffli-rs^ffiTfeoT, n 
so &e>m 3 as«r#A,'ev>s < , ^ i ws-eity m?«s© 
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mum i mm* y r >\zm&* s„ sn 3 mm-eit. mm 

[0 0 1 9] 

1 0«, iSfi«ltil#©2i:g9^«ffi^#©6i:ffiIft# 

io^7*>e»m^-rsigi&«Evd«ri^-rs 0 

mi «, 77V1 tcffiismffi v d s„ iw*wtc 

«, 77>l<0ffi!&fc:-H**Sgi«EV 1 i:, fcassn 
fcfifiT h r T«'h«EEV s *>£!g 1 1EEV 1 © 
H-p^fr-5m2«jEV2i:«r7rvifc«*&-rs (ffl 
2Rtf03#SSD c th$!Rtf«8#©8«:, fcfcbifilgT 
h r tf&^T h r 1 fcPM^S fc, B#W t a ©Ml*, 
B»#®7*f>6SI 1 SEEV 1 fctUftf* * 5 Jc, Bffffl t 
a*lifi&«, SI«I^S7*>^2S^«ffV2*tll^-r 

[0 0 2 0] 02«, SStf&K<9fi*T h r tmSMBEV 
d t(D®&*i*-?®-V3bZ>o 03«, 7 T > 1 fcWim* 
flSIKlMBEV d O^H^fb^-TSTfeSo 0 2 IC*5 
v>T, i&KTh r lti^r^ione^^-frS^ 
l££Sare&t), SfiTh r 2«7T>1 ©lsISKS(*fi 
*Cf3'<#i85£ffi£'?<&5o tEVstt, 77>lt 
ffHMJ-r SS>h©K»J®BE V d 9 , 
ffi©¥»@S©®E-??^c, SEE V Hi, 7T>1\CW 

1 «S«&fc<0jBgT h nb'SSIT h r 1 KWmtZ&i 

mtx-i&K). t a itmwms. v d*vi tc^o^wes 
[002 1] ^fH^ffiofMffii*. a 2 &tf a 3 icm-t 

ftttTMHTTS. fiP*, SB&K©i&ST h r *<T h r 1 

<j;t)(fi^spsn?«, ss)#a7^e.(DKfWB=vd* 

rtfTh r 1 fcS9jtLfc©Pgl aOM, 
IgSjSBEVd^a^ffiV l i:UT7r>l©ffi®j*l8<i& 
S-a-So M&K©fi£Th rtfTh r 1 icSBtLTA«6 
ffi^SHISt agjam<0®pglllT«, «&«<DiaftTh 

rtCfSCT^T^l t^lWffiVd%91)!lP-rSo HP*, 
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fifc$&K<Di&KT hri'Thrl feUiT h r 2*i8-p&5 
SP&I I Wi, g'h«EEV s eST^SJEV 1 ©KB 

•e, ftsasoiasET h r ctten-r zmm&v z*vr 

> 1 fcOftrrS. a&tROffifitf T h r 2ja±TifcSf9: 
PglVeti, ffif&©BEVd=V 1 ttT7ryi%l«t 
5o 7TV1 ©te!&B#lc«*(DffiI&mEE V 1 *B$IB t a 
<OHW*OLSitt5<0«, -H^4h;VmXT77l'l 

umsms. v d*Vlfr&Vs tc W«<o«, 7 r > 1 
10 om<ESt*ai^TBg«:{£ML, 3 re* 

[0022] &*5, »ieic7rvi icBiiD-rsffiism 

B£V d *gckmv 1 KiftJSLfctf, teK^ft^r > 1 Jc 

[0023] ClHliS«fiKff!ID m 4 «C«, *§e!Si^ffit« 
5 7 r viMSPSB 1 0 oillK«ifiKff!I«-^-ro Sfi«iW# 
I52tt, h7J"7X?T r 4 fci»Stigg§0 p 3 
*TVSo h5V^Tr4li, jWR 0 

^•eifeo, »^«©iasT h r ttmttz t^-xi5 

^MBMiR 1 7*^Lrfi«S£«S^WWDCK8BWE 
R 1 3*^-LTiaSiitif80 p 3 ©3S!«X73l*?IC«SR 

«nr^o, iUPctifiagopsoffifflATj^ttSSTas 

R 1 2^LTffi7j«?Rtf^x^— ar-f*-KD 1 O 
* V— FCWK* nTV>5. h7^*Tr4<0l5 
30 -y3»«, gfiiSR 1 4SffR 1 5«^UTiS«tmai7'f 
^VDCJCS^n^fctfetC, ginSIR 1 6*/TLT 

^gJaSt?* 0 , * ras&JWMfflSBSO p 3 OXMX 
7J«8 ; ?fC^$nTV>So BP*, h7V^Tr4® 
3U^^Bctfi5^^H<omffiM«, SfitiSR 1 3*^ 
LTSI^CJiSSO p 3 »cX7J*n, R12/R13«S 
nTtEVkS^xt- 94*— FD l<0*y—KfctfJ 

73-rs<, cots, 7it- y-f*— fd iory— f 

V k V x 7 V — y-T *— F D 1 ©jS»7J lSl^fi3« 
BEVz^ttRTLfcmBEVaA^nSo 
[0 0 2 4] IK»#g:7tt, SlStJi^SOp 1 kh7V 
fX*T r 2t^«S^TfeD, Slgti<H8gO p 1 <DtU73 
tcSEoT, h9>^X^T r 2*>67r>ltt«EJfe« 
*&-TSo 7rVl Oje«ffi«Kltt, F9V5^X* T r 2 

i/jr^ttflOKm?'f>vDC(ctttisn-r^«. *fc 

h7^X*Tr 2<D^-XtC«, JflSJiBSO p 1 <D 
m7j*S?^afit88R3«r^-bTS«2«nTV'5„ iSSfif 
ffilSO p 1 gfixSR 4 *^LT h ^ 

50 >^Tr 2©x5-y^CS^Snr<30, 77^1 
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<DlSm&.m<onEE V d tfgtaSSR 4 Rtf R 5 (C<fc oT» 

^r>l^fiSigg«<i§IOp lie J:DBtt?*46«d 
Id*. h^lsisXZT r 2*#2Sf Lt»t*<»H««: 

[0 0 2 53 BlMtE»e*a6ttyx^-^-f*-F 

ry-Fit. »8WR9*^braowMi»op loiE 

0*V— Ktt, 7*h*^5PHOh7^X>Tr 1 

[0 0 2 6] W*ftff«J»¥«8fci\ 7*h*r7PH 
£Jg|ixS§R 1 fc3><r>"9-C 1 fc*«*TlrS5. 8lftS 
RU 7th*7 p 7PHRtf3>'f^Cltt, 
W#Tr 2fcDttWfc:aNKStlT^«o StafgR lRtf 
n^f^C 1 tt, gMR 1 RtfSMC 1 -?RS;SI$ 

»t aOffl»7t h*:/9PHO^*-FD2lC««t 

*>T*-FD2fc:««*Wi*i:, *>f*— FD 2*98 
JfcU f©Mh7y^Tr lO^- X*><S)tL 
T. h7^X^T r 103l/^«ffx'7^B§» 
'fflS-eSo 7*h*^9PHOh9^X#Tr ltd:* 

*- F D 2 (C«KtfMtl« fcyxt-m-KDIO 

7/-FRtf*y-Fw«B*u m-FD2ici 

W»*^«*lC«yx^--^*^FD 107/- 

F*v-Fim*awr*« 

[0027] ^rcyr>\(Di&mw.mic^ by>t?x 

fch^V^X^T r 3©^XlCttv g£xt§R 6 £/M, 
TSI^iiffiggO p 2 OW^fiS^^a^tlTV^Sc in® 
««»0p2O5S!*aX*«H !: fc:tt, yx^-£V*-F 
D4©*V-FjW»K*nT*tK ^it- ^*-F 

D4©*y-F«*efc:»stHR i o*^brK»Wi 

4 0r/-Ftt^^F^-f>te:»«l«nTlr^o Sta 
8§R 1 0«*yx^-^-f*-FD4U:JKtl«5fi^ia«i« 

*«i8^«fc*oaa«-e*o, «fPf<ssop2oa§. 

7x t-^*- FD 40*V- F«E 
tcSS^n^o *fcmm««Op2©m«A*»c 
tt* ffiffl»R8«HT7xt-m-FD 107/ 
-Ft«R*ti«ki:t>fc:. SlaSSR zmf7* b*7 
7PHOh7>^Tr l*^LT7xtrW*- 

FDio*y-Ffc«K«nr^« 0 are, mmm 
o P 2©iEfflA^^*cti, moir 8*^brry- 

F«EVaXtt*y-F«BEVk*«A*«tl*o *fe. 
3 l/ry^C 1 OSf«fiM0tC»^*- F D 3 Rt/Stft 
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■ R2tf»*£ftT^*. 

[002 8] OHMffi ttT, 0 4 ©HBWMftflsico 
^rmW-TZo h7>^Tr 4«qttMEO)UT h 

rfcflttHU *OiWThrlC«BLft«EVktfyx 

^*-fd io*y-F«ctts*«nSo' ccoh 

7 xt-^>f *- FD 1 Ffctt, «JEVk 

3^6i»*iafiarttffiV z»JBTLft«EV a (=V k 
-Vz) jWKtU IttVaff, «tt»R8**LTmit 
««»0p2OiE«XWIH & fcA**h*fc*fc:. SSt 
70 §§ R 9 *^ LTmPMBO p l OIEfflA^ig^ A* 

[0 0 2 9] Ml] «M60l*ThrffThr 1 

X(4n--e*t>, h7>^X^T r 3«3gWr««tcfe 
So HS«i80pl(t «BEV.a*«*HIR9«^L 

Vi^X^T r 2C0^— XtCiEomEE^rWiaTSo LfrL 

V^X*T r 2%MT7r>l fcttWK^Wn^ 7 

[0 0 3 0] ami I] ttlMSOBlKtfT h r 1 (tPM 
»*»«»Op2<Dffl*«E«4lXfci:^«:ft 

h7>^Tr 3vnr«, co^t, mm 

NH80 p 1 frBtttEV a teaUfc«EE#HtfJ**U it 
^SM^>VDCfr6 F^V^X^T r 2, y^*— 
FD2. n^-r^-frC IRtf hv^WT r 3*^L 
T«Wilh*k«l£, «Wt»^>VDC^6h9 
yi/7sZT r 2, yr^l&tf h^VS^X^T r 3£rtt 
LT«K#flEtl«. £V *- F D 2 te««W»tH& . 
30 h7>^X^T r l^liU ®EEVktf h9>^X* 

t r i Rtfsst^R 9 *fn,Twmmm®o p 1 oie*§ 

V ktfm*02tt£<O-e. »^i>««0 p 1 OtfirtRtfT 

r 2<Dx.^v#nm*Mffl£mmrz>o coiem. 02 
1 vattnsn*. 

[0031] 4MBM?tt, mswvoyry 
1 fc9]ftrr5K»«EV d*«bfc«V l fciKbfctf* 
40 BJIfflt a"eO7r^l(c01toI'rSEiWEEVd« > 77 

> i *««"r«ofc+»3B«E-e*fttf»**v 1 kips 

[0 0 3 2] C8WIII] fOS, ^Sta-enyf 
y*r c l tfftS <**i£ k , 94 F D 2 ic WfttfBtti 
h7>^X^Tr l«^n§ 0 h^>^ 
X^T r lMlhSMt Wtf, «^ti«i«0p lO 
iEfflA*«S^^«E V a ( V k - V z ) A^fiSiS R9* 
lt\^TX1l?£tL%&o\iClZK). >7>^^Tr 2<D-^ 

50 ^^nofnunMRsns. coism, «f^»t asys 
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£^K«E V d V s teSTF* So * LT, ftKriEQ& 
SThr^Thrl fcU:T h r 2 )»^ficD 
i&gTh rtelt«ILfc«aB«EV2*7rVl fcfllftiL 

[0 0 3 3] t«VIV) «»SSThr^ 
Thr 2fcl01bftk*li, SgTh T\C&t>1fm*<D 

[0 0 3 4] CUiOiSfc* 7r>ieD&ftBSfcSfv>tt 

b«e v i &mmt s ctic&Ktyy >*wmx:i&mz 

ZCD&I*. ^OUThrtcKCMDMEV 

[0035] cmiffi J*©®tt«««te«*Mtig 

(V) ODC7r^ffflt5o C©7rVl(Dj&«« 
ffiBHfci:, ?£f&SE2 4 (V) (D±2 0%*efcDx 15 1 
9 (V) —29 (V) TfeSo CCT04-e«, 7it 
-£V;*-FD lory-K«EEVa*»tn»R8*^ 

vxmnmmsso p 2 ©i^A«reicAai,Tt\fc 

(6. 8kQ) ^LTM»*fiSOp2(Da!fflA^« 

^Ffc:X*bTv>So c©i^, iftgtititgOp 2<oig 

ThrtfThr 1 KEWLfcC fc^tfea-TSC fc.tfT** 

So 

[0036] &s<D9ztm«uc*z77>i<Dmm<Dm 

IT* a fc, 77 > 1 OBn«PRtt^«adtttEOSft T h 
r l^SOrtcS^bTV^o M&tgOi&KTh r#5 

oxicmmfrzt. meRrsm7 iz^k-r^oiz, yr> 

llzmmnmvd = 2 6. 2 (V)#ta = 4 5 4ms 

1 2. 5 cv) icKTF^ns o mmkos 

tt, 83. -51C*T±J*U *0flUUME®aftTh r 
«TKLT5 0 < C<fcDt>T^0 4 6X(cPJ^-TS^. 7 
7>il*W±zriZ>o c<D&*>lcyr> 1 £r{¥it-rsi& 
S 3&S&16-rSfflfi (5 0T) £Dfcffi<LT 

V^Ott, »»SfiThrWlcWT^^7 

r> 1 tmxf&Wr? **t?o»im**< £%>tc&>-e$> 
So c*Uc<i;D> SV^MffllHT?7TVl^J&«lff±«r 

r > 1 3(W»atfff±^««flEfe:«*»ft**fctt, ia 
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H*i<I«0p 2CD3V/^l/-^Bfffct:X^U^X^}f 

[0037] *&&mwc9k*yr v 1 *mmiw« 1 0 

fccfcfttf, 7 7VOtel«f(D3T£iffit aOH©#K^ 
ME.V 1 ^ft*SLT77 V 1 ^iSHfcfc&lSU ^<D«ti 
£*&f|ff2 4 (V) ©¥#^©BlWEEVd=l 2 

(v) ^e>^tr§«ffv2^Bii[iiJbT7r^i*0e 

yo §g^rsc£#T#So WB. 7rviOf*iai£Rtfg 

[0 0 3 8] £ K*mMBmc%2> 77> 1 OftJSP^E 
1 0-e«\ fitnS&R lSt^nv-r^ nc^O^Ht a 
*tHBIU ^OfflBt a(0^7thA^7PH«:* 
iI2"t2:TS^«EV k ^rill^itBlslKO p 1 lc\JjZ 
&s ^(Om. 7*h#:/^PH^i&WbTffi^SJEVa 
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